A replicated 4 x 4 Latin square digestion trial was conducted to determine apparent nutrient digestibilities and N and energy balances for soft red winter wheat, Beagle 82 triticale, Florico triticale, and pearl millet using fishing pigs fitted with ileal Tcannulas. Fortified experimental diets contained 97.5% of each respective grain. Nitrogen and amino acid digestibilities of soft winter wheat and triticale were similar (P > .13) when measured near the end of the small intestine and over the total digestive tract. Ileal digestibilities of alanine, isoleucine, leucine, threonine, tryptophan, and valine were higher (P c .05) for pearl millet than for the other grains. Total tract N and amino acid digestibilities were all higher than ileal digestibilities. Gross energy and DM digestibilities determined at the small intestine were higher (P <.05) for wheat and pearl millet than for Beagle 82 triticale, with the Florico variety being intermediate in energy digestibility. Total tract digestible and ME concentrations followed essentially the same pattern as ileal GE digestibility and were 2 to 3% higher (P < .05) for wheat and pearl millet than Beagle 82 triticale. Florico triticale had similar (P > .05) DE but was 1.3% lower (P < .05) in ME content than wheat.
several grains and protein sources used commonly in feeding swine (Sauer et al., 1977; Lm et al., 1987; Knabe et al., 1989) . However, ileal digestibilities for triticale and pearl millet have not been reported. Triticale cultivars vary widely in protein content (Owsley et al., 1987) and amino acid composition (Farrell et al., 1983) .
The objective of this study was to determine the nutrient digestibility of soft winter wheat, two triticale cultivars (Beagle 82 and Horico), and pearl millet measured near the end of the small intestine and over the total digestive tract in fishing pigs.
Experlrnental Procedure
Eight crossbred barrows initially weighing 60.5 kg were surgically fitted with simple Tcannulas approximately 15 cm anterior to the ileocecal junction by a procedure similar to that outlined by Horszczaruk et al. (1972) . Animals were anesthetized using halothane mill to be able to pass through a 4.7-mm screen prior to mixing in the complete diet. Grain samples (Table 1) were analyzed for proximate components (AOAC, 1984) , GE by adiabatic bomb calorimetry5, and amino acids by ion-exchange chromatography6 after a 22-h acid hydrolysis (6 N HC1) using the p r o c e d u r e of Slocum and Lee (1983) . Cystine was analyzed after a 16-h oxidation with performic acid (6.3%) and neutralized with .80 g sodium metabisulfate, followed by a 24-h acid hydrolysis (6 N HC1). Tryptophan was analyzed after a 24-h basic hydrolysis (6 N NaOH).
Experimental diets ( diet at 0800 and 1700 each day. Feed intake was constant for all pigs within each period, with the level of intake being determined by the pig consuming the least amount during the first 2 d of the fiist diet adjustment period. Feed consumption averaged 2.7% of BW/d during the trial. Water was mixed with the diets prior to feeding. This was to form a mash to stimulate feed intake. Additional water was provided in the feed troughs after the consumption of each meal. Average daily gain of the pigs during the trial was .59 kg/d and resulted in an average final weight of 110.5 f 4 kg.
Feces were collected twice daily, composited, and frozen (-1VC). Femc oxide (1 %) was used as a visual marker to indicate the beginning and end of each fecal collection period. At the end of the collection period, feces were thawed, thoroughly mixed, and subsampled; subsamples were frozen. An aliquot of the subsample was analyzed immediately for moisture content (AOAC, 1984) . Urine was collected in a narrow-mouth, 10-liter vessel containing 50 ml of 6 N HCI.
Daily collection was diluted to a constant volume; a 200-ml sample was taken and composited over the 4 4 period. Ileal digesta were collected from 0800 to 1700 for three consecutive days. Digesta collection was facilitated by the attachment of one end of a polyethylene tube (1.5-cm diameter) to the cannula, with the other end placed in a narrowmouth collection vessel in an ice bath. Each daily digesta collection was mixed thoroughly; a 250-g subsample was taken and composited over the 3 d period. All remaining digesta was warmed to 36°C and returned to the pig via the Cannula.
Fecal and ileal digesta samples were freezedried and ground to pass through a 1-mm screen prior to chemical analyses. Diet, fecal, and ileal digesta samples were analyzed for moisture, N (AOAC, 1984), and GE (adiabatic bomb calorimetry). Amino acids were determined as described previously for individual grain samples. However, tryptophan was not determined on fecal samples. Urine was analyzed for N and GE. Chromic oxide concentration of the feed, ileal digesta, and fecal samples was analyzed using the p m edure of Kimura and Miller (1957) . Its recovery over the total digestive tract was 86.5 f 1.3%.
Ileal passage was not adjusted for incomplete chromic oxide recovery.
Data were analyzed as a replicated 4 x 4 Latin square using the GLM procedure of SAS (1985) . The statistical model included the effects of diet, period, pig within replicate, and error. Residual error was used as the error term to test all criteria, and means were separated using the Student-Newman-Keds Test.
Results and Discussion
Nitrogen digestibility measured at the end of the small intestine was similar (P > .13) among the four grains evaluated and ranged from 75.9 to 78.8 percentage units ( Pearl millet exhibited higher (P < .05) apparent small intestine digestibility of alanine, isoleucine, leucine, threonine, tryptophan, and valine than the other grains, despite no difference in N digestibility. This observation has a practical application: threonine and tryptophan have the lowest apparent digestibdity among the essential amino acids in grains (Lin et al., 1987) and generally are recognized as the second-and(or) third-limiting amino acids.
Lysine digestibility was similar (P > Fecal N digestibility was higher (P < .05) for wheat than for pearl millet; the two triticale varieties had intermediate digestibilities. F e d N digestibility averaged 10 percentage units higher than ileal values, reflecting N degradation in the lower tract, which is consistent with previous reports (Sauer et al., 1977; Lin et al., 1987) . Low-protein wheats and most triticale cultivars contain a higher albumin and globulin to gliadin protein ratio than normal wheats; these proteins are less digestible in the small intestine (Taverner et al., 1981) .
Energy digestibility measured over the total tract was higher (P .05) for wheat than for the other grains. This may be related to the higher starch content of wheat than of triticale or pearl millet. Dry matter disappearance followed a pattern similar to that of energy Individual fecal amino acid digestibilities in general were lower for pearl millet than for wheat; the differences for histidine, lysine, phenylalanine, cystine, glycine, serine, and tyrosine reached significance (P c .05). Fecal digestibility values for the triticale varieties followed essentially the same pattern as wheat, with the exception of fecal lysine digestibility for the two triticale varieties, which was intermediate in digestibility to wheat and pearl millet. However, fecal alanine digestibility was higher (P e .05) for pearl millet than for Florico triticale, and wheat and Beagle 82 triticale digestibilities were intermediate.
Equations to predict ileal digestibility of selected essential amino acids (lysine, t h r e e nine, isoleucine, and valine) from fecal digestibility were developed within and across grains for each pig. Equations for the individual grains were nonsignificant (P > .19) and are most likely a reflection of the low number of observations (n = 8). prediction equations for ileal threonine, isoleucine, and valine digestibility across grains were significant (P c .07 to P c .OS), but the prediction equation for lysine was not significant (P > .48). However, the predictive value of these equations probably is low R2 e .15). Residual analyses across grains indicated that ileal digestibility of threonine, isoleucine, and valine could be predicted from fecal digestibility. The lack of a significant model for lysine may be attributed to the low variation in ileal digestibility (range 73.4 to 74.8%) and high variation in fecal digestibility (72.6 to 81.1%).
Nitrogen retention, expressed either as a percentage of intake or of absorbed N, was not different (P > .lo) between the grains (Table   5 ). Retained N/d tended to be highest for the two triticale cultivars, followed by the pearl millet, and was lowest for wheat. Retained N followed essentially the same pattern as dietary lysine concentration suggesting that lysine was the first-limiting andno acid in all the grains examined.
Digestible and ME concentrations of wheat and pearl millet were higher (P c f~r y matter h i s .
variety of triticale. Digestible and ME concentrations followed a pattern similar to those observed for ileal energy digestibilities. Digestible energy values for soft winter wheat were in agreement with data given in previous reports (Robinson et al., 1%5; Henry et al., 1%8; Kromann et al., 1976) . However, the ME value of our wheat tended to be higher than values determined using growing pigs &in et al., 1987). Digestible and ME values determined for triticale agreed well with the report of Comejo et al. (1973) and the report of Adeola et al. (1986b) , in which a higher protein triticale was evaluated.
lmpllcatlons Small grains and pearl millet differ in apparent digestibility of amino acids and energy. Apparent amino acid digestibilities were similar between soft winter wheat and the Beagle 82 and Flonco triticale varieties, but the ME concentration was lower for triticales. Because the amino acid concentrations of triticale are higher &an those of wheat, both on a dry matter and on a crude protein basis, triticale could supply a greater portion of dietary amino acids and reduce the level of dietary protein supplement and total dietary crude protein needed. Small intestinal digestibility of several limiting amino acids, with the exception of lysine, were higher with pearl millet, but metabolizable energy concentration of pearl millet was similar to that of wheat. Based on apparent nutrient digestibilities, pearl millet seems to have potential as an alternative grain in swine diets.
